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TaBLE 10A.—Summary of results of retrospective studies of smoking by type and oral cancer of detailed sites*

Investigator and reference

Cigarettes

Pipes

Cigars

Chewing

Miscellaneous

Broders (41) _______________
L?é;bard and Doering

).
Bigelow and Lombard (26)_
Ebenius (103)
Levinetal, (207)__.___
Mills and Porter (237)_ . __

Mooreet ul, (245)_____.....
Sadowsky et al. (301)._. .

Sanghviet al. (306) __._....
Ledermann (202)___________
Wynder et al, (378)..
Schwartz et al. (314)
Wynderet al. (388) ________

Wynder et al. (385)  ___ ___

Peacock et al. (272) ________
Staszewski (326). ... ._

Vogler et al. (355). ... .

(LIp, mouth)—2____._ _____

lﬂ wnguc, other oral,
ary.

(Orophsrym)-l- L

(Oral)+.
+M, +F (Floor of mouth)_.

{Pharyn x)+ ¢
(P.hswn )+,
sites)—

{Lip, oral cavity)+...._...

» F+4+ (Oral and phar-
(Other

LAP) oo
gmﬁﬁ

(Lip, mouth)—
(Lip, tongue, other oral) +-..

(Each site except tongue)4-..
{Oral) —
(LAP) 4 e

(Lip)—

(Eachsite)4............ ...
M+, ¥+ {oral and phar-

nxj.
('I!trmscue. gingiva, phar-
ynx)+.

(Lip)+.

(Lip)—.

(Lip, mouth)4..........

(Oral} 4. oo

{(Yingiva, lip)%.

(Oral)4+¢ ____

{All forms combined—oral) 4

(PIDL‘S) and cigars combined—
lSnuﬂ‘—Iip, mouth)+4-.

(If smoke and chew—base of
tongue, hypopharynx)+-.

(Pipes, and cigars com-
bined -tongue)+.

(Snuff—oral) 4.4

(Pipes and eigars combined—
lip, oral cavity)=.

(All forms combined)+,
F+ (snuff --lip and buceal
cavity in both cases).

14 =SBignificant assoclation.

— = Agsociation absent or not significant,
=+ = Association of doubtful significance.

! Cigarettes and cigars.
3 Hidis.

4 Includes elgarettes and other,
# Only in individuals sf low economic status and over 60 years old.



bined was noted. Among four studies of lip cancer the chewing of tobacco
and/or snuff was found to be associated in two of them (41, 245).

There is some indication of an association of tongue cancer with cigar
smoking in three studies (301, 378, 385) and in one of these {385) with pipe
and cigar smoking combined. In two studies an association of gingival
cancer with cigar smoking was demonstrated (378, 385); in one of these
(378) an association also noted with pipe smoking, and a suggestion of an
association with chewing of tobacco.

Pharyngeal cancer was considered as a separate site in four studies (301,
306, 378, 385). An association with cigarette smoking was noted in two out
of three (306, 385); with cigars in two (378, 385); and with pipe in one
(378).

Among the better studies in which the sample sizes were large and con-
trols adequate, one deserves special mention (301). In this investigation
by Sadowsky and others, it was possible to establish gradients for lip cancer
by number of pipefuls smoked a day, for tongue cancer by amount of to-
bacco in pipes and cigars combined, and for other oral cavity cancers by
number of pipefuls. No gradient by amount smoked was noted for cigarettes.

The seven prospective studies have yielded 152 cases of oral cavity cancer
associated with cigarette smoking, with an adjusted expectancy of 37.0 cases
giving a weighted mean mortality ratio of 4.1. This is the third highest mor-
tality ratio of cigarette smokers to non-smokers among the several specific
types of cancer deaths and the fourth highest among all causes of death as-
sociated with cigarette smoking. The mortality ratios ranged from 1.0 in the
Dunn, Linden, Breslow occupational study (96), in which only seven cases
have thus far been observed, to 9.2 in the current Hammond study (157).
(See Table 1 of this chapter.)

For cigar and pipe smokers, oral cancer has the highest mortality ratio,
3.3, of all causes of death, exceeding cancer of the esophagus, larynx and
lung. Recently calculated data from six of the prospective studies (excluding
the current Hammond study) show a slight gradient in the mean mortality
ratios for cigarette smokers of more than a pack a day as compared to smok-
ers of one pack or less. Estimates of gradients by amount of smoking of
pipes and/or cigars, by duration of smoking and by discontinuance are not yet
available, because of the relatively smaller number of deaths from oral cancer.

Inasmuch as the incidence of female oral cancer is markedly lower than
in males, data on these variables for the female, to be derived from the cur-
rent Hammond study, will require an inordinately prolonged observation
period.

Carcinogenesis

Cigarette smoke and cigarette smoke condensates have failed to produce
cancer when applied to the oral cavity of mice (75, 177, 240) and rabbits
(312) or to the palate of hamsters (194, 303). Exposure of the hamster
cheek pouch to cigarette tar, snuff, or tobacco also failed to induce cancer
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(95, 194, 243, 244, 245, 246, 271, 272, 303, 303a). Leukoplakia was re-
ported to have been induced by the injection of tobacco smoke condensates
into the gingiva of rabbits (296).

The oral mucosa appears to be resistant in general to cancer induction
even when highly active carcinogens such as benzo(a) pyrene (95, 194, 209,
243, 244, 245, 246, 271, 272, 296, 303) are applied. Mechanical factors, such
as secretion of saliva, interfere with the retention of carcinogenic agents.
Saliva may also play a chemical role in modifying the action of carcinogenic
agents on the tissues of the oral cavity and the pharynx. The only positive
results with carcinogens have been obtained with benzo(a) pyrene, 20-methyl-
cholanthrene, and 9,10-dimethyvl-1.2-benzanthracene applied to the cheek ~
pouch of the hamster (244, 303, 343). The cheek pouch, however, lacks
salivary glands, and its structure and function differ from those of the
oral mucosa.

Pathology

There is a strong clinical impression linking the occurrence of leukoplakia
of the mouth with the use of tobacco in its various forms (201). However, in
almost all the studies, the diagnosis of leukoplakia was made without his-
topathologic examination. It is difficult to distinguish clinically between
hyperplasia of the surface epithelium with keratinization (termed pachyderma
oralis) and “true” leukoplakia, which resembles microscopically senile kera-
tosis, a preneoplastic lesion of the skin, showing atypical changes and mitotic
figures, in addition to hyperplasia.

In a study of the tissue changes in the palate of women in a part of India
where the burning end of a cigar is held inside the mouth, Reddy and Rao
(284) found ulceration, increased pigmentation of the epithelium of the
palate and leukoplakia. Many of these women develop cancer at the same
site. The carcinomas found are epidermoid and are frequently surrounded
by an area of leukoplakia which sometimes shows changes characteristic of
carcinoma-in-situ. Leukoplakia is a common finding in patients with multiple
oral carcinomas, the majority of whom use tobacco (241). A histopathologic
study of lesions in the oral mucosa in betel nut-tobacco chewers in Malaya
showed frequent epithelial hyperplasia with atypical changes and papilloma
formation (233). These lesions were considered to be frequent sites for the
subsequent development of cancer. An association between leukoplakia and
oral cancer has been noted by other investigators in studies on individuals
with the habit of dipping snuff (179, 200).

Although these results do not warrant any conclusion by themselves,
they are consistent with the suggestion that oral cancer is frequently pre-
ceded by characteristic premalignant changes and that these have a relation-
ship to the use of tobacco.

FEvaluation

Because of the diversity of sites involved in the category oral cancer
and the need to delineate forms of tobacco use in each of them, the number
of retrospective studies is inadequate to furnish sufficient material for a
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judgment of consistency of the association except for cancer of the lip and
pipe smoking.

Inasmuch as only one retrospective study (301) had large enough numbers
of cases to derive the relative risks for specific site associations, reliance
for strength of the association must be placed on the prospective studies.
Since, in turn, the numbers of deaths from cancer of these sites so far have
been small, only a combination of such sites could be analyzed for relative
risk determinations. Five of the seven studies show reasonably high rela.
tive risk ratios for cigarette smokers and for cigar and pipe smokers.

Specificity of the association cannot be said to be as high as that noted
for lung cancer. The prospective studies provide no information as to
specific localizations within the oral cavity. Sadowsky et al. (301) showed
an association of pipe smoking with cancer of the lip and of pipe and cigar
smoking with cancer of the tongue.

Data are presently inadequate for a reliable assessment of the coherence
of the association. However, it should be noted that the prospective studies
provide a definite suggestion that a gradient of risk by amount smoked
does exist for oral cancer and that in one large retrospective study (301)
prevalence rates for every specific age group of smokers was consistently in
excess over non-smokers.

It has been noted that during the past 30 years cancer of the oral cavity
and pharynx has declined, primarily because of a decrease in lip cancer
among males (130). Cancer of the lip has never been an important localiza-
tion for females and the rates in females have remained fairly constant.

In males pipe smoking has decreased markedly in the United States during
the past 30 years, so that the decline in lip cancer among males is not neces-
sarily incompatible with a strong association between cancer of the lip and
pipe smoking.

Furthermore, other probable factors in the production of oral cavity cancer
such as mouth hygiene, nutrition, and particularly alcohol consumption have
not remained stable. In two studies (314, 378) alcohol consumption is
clearly also associated with oral cancer and in one (378) evidence is
presented for independent operation of this factor.

The problem of heat from burning tobacco has not been investigated, as
far as could be determined. It is of interest that cancer of the palate has been
associated with smoking of cigars with the lighted end in the mouth (186).
The heat factor should be kept in mind with respect to the excess of lip
cancers among the cigar and pipe smokers.

Although cancer of the oral cavity has not been produced experimentally
by the exposure of animals to tobacco smoke, it has occurred following
repeated applications of benzo(a)pyrene and other hydrocarbons to the
cheek pouch of the hamster.

The relationship of leukoplakia to tobacco use has been described earlier.

Conclusions

1. The causal relationship of the smoking of pipes to the development o’
cancer of the lip appears to be established.
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